Transtrochanteric curved varus osteotomy was designed to avoid some of the disadvantages of varus wedge osteotomy, such as post-operative leg-length discrepancy. In this retrospective study we investigated the leg-length discrepancy and clinical outcome after transtrochanteric curved varus osteotomy undertaken in patients with osteonecrosis of the femoral head. Between January 1993 and March 2004, this osteotomy was performed in 42 hips of 36 patients with osteonecrosis of the femoral head. There were 15 males and 21 females with a mean age at surgery of 34 years (15 to 68). The mean follow-up was 5.9 years (2.0 to 12.5). The mean pre-operative Harris hip score was 64.0 (43 to 85) points, which improved to a mean of 88.7 (58 to 100) points at final follow-up. The mean varus angulation post-operatively was 25˚ (12˚ to 38˚) and the post-operative mean leglength discrepancy was 13 mm (4 to 25). The post-operative leg-length discrepancy showed a strong correlation with varus angulation (Pearson's correlation coefficient; r = 0.9530, p < 0.0001), which may be useful for predicting the leg-length discrepancy which can occur even after transtrochanteric curved varus osteotomy.
Transtrochanteric curved varus osteotomy was designed to avoid some of the disadvantages of varus wedge osteotomy, such as post-operative leg-length discrepancy. In this retrospective study we investigated the leg-length discrepancy and clinical outcome after transtrochanteric curved varus osteotomy undertaken in patients with osteonecrosis of the femoral head. Between January 1993 and March 2004, this osteotomy was performed in 42 hips of 36 patients with osteonecrosis of the femoral head. There were 15 males and 21 females with a mean age at surgery of 34 years (15 to 68). The mean follow-up was 5.9 years (2.0 to 12.5). The mean pre-operative Harris hip score was 64.0 (43 to 85) points, which improved to a mean of 88.7 (58 to 100) points at final follow-up. The mean varus angulation post-operatively was 25˚ (12˚ to 38˚) and the post-operative mean leglength discrepancy was 13 mm (4 to 25). The post-operative leg-length discrepancy showed a strong correlation with varus angulation (Pearson's correlation coefficient; r = 0.9530, p < 0.0001), which may be useful for predicting the leg-length discrepancy which can occur even after transtrochanteric curved varus osteotomy.
Varus wedge osteotomy for the treatment of osteoarthritis of the hip was described by Pauwels, 1 and later adapted for the treatment of osteonecrosis by Merle d'Aubigne et al 2 and Kerboul et al. 3 In osteonecrosis, a varus wedge osteotomy aims to move the necrotic lesion medially and bring the intact lateral articular surface into a weight-bearing position. A success rate of 73% to 76% has been reported for this procedure. 4, 5 Varus wedge osteotomy, however, has some disadvantages, such as elevation or lateral displacement of the greater trochanter, and the potential for delayed or nonunion. 4, 5 In addition, Bombelli 6 reported a leg-length discrepancy ranging between 29 mm and 38 mm after a 30˚ varus wedge osteotomy. In order to overcome these problems, Nishio and Sugioka 7 developed a transtrochanteric curved varus osteotomy, which is performed between the greater and the lesser trochanters. The leg-length discrepancy following this curved transtrochanteric varus osteotomy has been reported to range between approximately 0.5 mm and 20 mm. 8, 9 In this retrospective study we investigated the correlation between the degree of varus obtained at the osteotomy and the post-operative leglength discrepancy as well as the clinical results following transtrochanteric curved varus osteotomy for osteonecrosis.
Patients and Methods
Between January 1993 and March 2004, transtrochanteric curved varus osteotomy was performed on 42 hips in 36 patients for osteonecrosis of the femoral head and all were included in the study. Six patients had bilateral operations. All were followed clinically and radiographically at intervals of at least one year. There were 15 males and 21 females with a mean age at the time of surgery of 34 years (15 to 68). The mean follow-up was 5.9 years (2.0 to 12.5). The osteonecrosis was steroidinduced in 32 hips, in four it was secondary to alcohol consumption, in two it was posttraumatic, and in four idiopathic.
The diagnosis of osteonecrosis was based on clinical presentation and imaging studies including radiographs and MRI. 10 According to the classification of the Japanese Investigation Committee of Health and Welfare, 11 37
hips were classified as stage 3A, four as stage 3B, and one as stage 4 (Fig. 1a) . The localisation of the necrotic lesion was type B in one hip, type C1 in 36, and type C2 in five (Fig. 1b) .
A clinical assessment based on the Harris hip score 12 was made pre-operatively and at final follow-up. In addition, all patients were asked about restriction of activities of daily living (ADL) and the presence or absence of a limp.
Anteroposterior (AP) radiographs were taken in the supine position to measure the neck-shaft angle pre-and post-operatively (Fig. 2) . We standardised the rotation of the lower limbs on AP radiographs by positioning both patellae in the exact frontal position throughout the radiological examination. In order to eliminate magnification errors, we measured the distance between two points: the top of the obturator foramen and the teardrop (Fig. 3a) . Leg-length discrepancy was measured as the difference in the distance between the top of the obturator foramen and the inferior aspect of the lesser trochanter before and after operation, since the osteotomy line does not pass through the inferior aspect of the lesser trochanter (Fig. 3b) .
The post-operative intact ratio was measured according to the method of Sugioka, Hotokebuchi and Tsutsui 13 from the neutral AP radiograph taken within eight weeks of surgery (Fig. 4) .
14 During follow-up, we looked for progression of collapse and osteoarthritic changes on both AP and lateral radiographs.
Indication for this operation. The success rate of osteotomy including transtrochanteric curved varus osteotomy in the treatment of osteonecrosis has been reported by Miyanishi et al, 14 who showed that patients who had more than 34% of the articular surface of the femoral head intact postoperatively had a good clinical outcome. Therefore osteotomy was indicated in a patient where the pre-operative AP hip radiograph in maximum abduction showed the possibility of determining an intact articular surface of more than 34%. To prevent adduction contracture, we excluded patients in whom the hip joints could not be abducted more than 20˚.
However, one patient with only 30% of intact articular surface of the femoral head was considered suitable for this procedure because of her age (27 years) and her strong desire to preserve her hip joint. Operative technique. After dissection of the fascia lata and iliotibial tract, the lesser trochanter and intertrochanteric crest are exposed along the planned osteotomy line in inter- nal rotation. A special crescentic guide is attached at least 5 mm lateral to the intertrochanteric crest. The planned degree of varus displacement of the femoral neck is marked on the proximal and distal femur. Under fluoroscopic control, using a reciprocating saw, an intertrochanteric curved osteotomy is made perpendicular to the sagittal plane of the femur. The osteotomy is fixed by a large screw, and then plated with a lag screw (Fig. 2b) . Following the operation, patients start partial weightbearing at five weeks, but full weight-bearing is delayed for six months. The aim of this prolonged restriction of full weight-bearing is to encourage remodelling of the subchondral bone under the newly-created weight-bearing area.
After final review a questionnaire was also sent to all 36 patients which included an enquiry about the presence of a limp and their satisfaction with the operation. The responses were graded into four categories: excellent (a high degree of satisfaction and no limp), good (a high degree of satisfaction but with a limp), fair (satisfied with a limp) and poor (dissatisfied). Statistical analysis. Statistical analyses were carried out using the Wilcoxon signed-ranks test and Student's t-test. The correlation between the degree of varus angulation and leg-length discrepancy was analysed using Pearson's correlation coefficient. A p-value of less than 0.05 was considered statistically significant.
Results
The mean varus angulation obtained by osteotomy was 25( 12˚ to 38˚) (Table I ). There was no increase in the varus angulation in any hip during the follow-up period on AP radiographs.
The distance between the top of the obturator foramen, and the teardrop was the same before and after the operation. The mean leg-length discrepancy was 5.0 mm for a 10˚ to 15v arus angulation, 9.6 mm for 16˚ to 20˚, 12.4 mm (21˚ to 25˚), 13.7 mm (26˚ to 30˚), 18.5 mm (31˚ to 35˚) and 23.0 mm (36˚ to 40˚). A 20˚ to 30˚ varus angulation was most commonly performed (27 of 42 hips: 64.3%), in which the leg-length discrepancy was about 15 mm (Table I ). The post-operative leg-length discrepancy showed a very strong correlation with the degree of varus angulation (Pearson's correlation coefficient; n = 42, r = 0.9530, p < 0.0001) (Fig. 5) .
The mean pre-operative Harris hip score was 64.0 (43 to 85) points, which improved to a mean of 88.7 (58 to 100) points at final follow-up (Fig. 6) . After transtrochanteric curved varus osteotomy, an intact articular surface of more than 34% was obtained in 41 of the 42 hips. 13 The mean postoperative intact articular surface was 53.0% (30% to 81%). Two of the 42 hips developed osteoarthritic changes during the follow-up period. One was a 27-year-old-female with systemic lupus erythematosus, which was stage 3A and type C2 in whom only 30% intact articular surface was obtained postoperatively. Symptoms recurred two years after operation, followed by progressive osteoarthritic changes. She underwent total hip replacement (THR). The other was a 37-year-oldmale, with a stage 3A, type C2 hip. Post-operatively 45% intact articular surface was obtained. There were mild osteoarthritic changes two years after the operation. He remains, however, asymptomatic and there has been no progression of the degenerative changes. He continues to be reviewed regularly. Apart from these two patients no hip showed either osteoarthritic changes or further collapse at follow-up.
A total of 13 patients (36.1%) in whom the mean varus angulation was 28.5˚ (20˚ to 35˚) and the mean leg-length discrepancy was 15.5 mm (12 to 20) reported a limp. A total of 23 patients (63.9%) in whom the mean leg-length discrepancy was 11.9 mm (4 to 21) did not have a limp. The leg-length discrepancy of the patients with a limp was significantly greater than those without a limp (Student's t-test; p = 0.0036). Insoles to correct leg-length discrepancy, were used by ten of 36 patients (28%).
The outcome in 23 patients was classified as excellent (64%), in 12 as good (33.3%), one as fair (2.8%) and none as poor.
There was no incidence of fracture of the greater trochanter, delayed union or nonunion in any of the 42 hips. No deep infections or deep-vein thrombosis was observed. None of the patients showed weakness of the manual muscle testing of the gluteus medius muscle at the final follow-up examination.
Discussion
The transtrochanteric curved varus osteotomy was designed to avoid elevation of the greater trochanter and lateral displacement of the femoral shaft which can lead to disturbance of abductor muscle function and a limp. It The method of measuring the neck-shaft angle. Figure 2a -Anteroposterior radiograph where X is the centre of the femoral head, and V is the neck-shaft angle pre-operatively. Figure 2b -Anteroposterior radiograph where 'V' is the neck-shaft angle post-operatively. V -V' is the varus angulation. was also designed to minimise delayed union or nonunion and leg-length discrepancy which have all been reported after wedge varus osteotomy. Diagrams showing the methods of measuring in radiological assessment. Figure 3a -On anteroposterior radiographs, to eliminate magnification errors, we measured the distance between 2 points; the top of A) the obturator foramen and B) the teardrop before and after the operation. Figure  3b -To measure the leg-length discrepancy, the distance between the top of the obturator foramen and the inferior aspect of the lesser trochanter was examined (C) pre-operatively and (D) post-operatively. (C) to (D) is the leg-length discrepancy; (G), gluteus medius muscle. Note the gluteus medius muscle attachment is to the lateral portion of the greater trochanter, which is not affected by the osteotomy.
Diagram showing method of measurement of the intact ratio of the articular surface of the femoral head to the load-bearing area of the acetabulum on the post-operative anteroposterior radiograph (post-operative intact ratio). Point F is determined by drawing a perpendicular line from the midpoint of E (the edge of the acetabulum) and J (the lowest point of the teardrop) to the acetabular roof. Point H represents the lateral edge of the load-bearing portion. Point I represents the medial edge of the intact articular surface of the femoral head. The post-operative intact ratio is expressed as H-I/E-F. Our results and those of other authors 8, 9 show that leglength discrepancy can occur after this operation. One reason might be that there is a difference between the centre of rotation of the osteotomy and the centre of the femoral head.
Of 36 patients 13 (36.1%) reported a limp. The mean leg-length discrepancy in these 13 patients was 15.5 mm (12 to 20). However, in none of these patients was there associated pain when reviewed at final follow-up. In addition, the leg-length discrepancy in patients with a limp was significantly greater than in those without a limp (Student's t-test, p = 0.0036). Abductor weakness can cause a painless limp. The minimum follow-up period in this study was more than two years and manual muscle testing of the gluteus medius muscle showed no evidence of residual weakness at the final follow-up examination. We therefore considered that muscle weakness had recovered and was not the cause of a limp, suggesting that leg-length discrepancy alone was the major cause of a limp. Nevertheless, 35 patients (97.2%) considered their outcome to be either 'excellent' or 'good', even with a limp.
Patients scheduled to undergo transtrochanteric curved varus osteotomy often express concern about postoperative leg-length discrepancy. The results shown in Figure 5 and Table I show a strong correlation between the degree of varus and leg length discrepany and could be used when advising patients.
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